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BACKGROUND OBJECT SENSOR 

BACKGROUND OF THE INVENTION 

1. Field of Invention 
The present invention generally relates to the field of RFID 

communication systems, and more particularly, to a system 
and method for detecting an object within an RFID commu 
nication system. 

2. Description of Related Art 
In, for example, retail establishments, it is desirable to 

know whether objects or persons are passing through portals 
or close to portals being monitored by RFID transceivers. For 
example, it is desirable to know whether an object or person 
is present in the region of an entrance or exit of a retail 
establishment, and whether an object or person is present in 
the region of any opening or openings between a frontstore 
and a backstore where inventory is stored. Additionally, it is 
desirable to know whether an object or person is present in the 
region of any loading docks, or other types of portals for 
bringing inventory into or out of the retail establishment. 
Furthermore, it is desirable to know whether an object or 
person is in motion toward or away from any of the forgoing 
regions, even if the object or person is not in the immediate 
region. 

It was known in the prior art to use infrared sources and 
detectors for monitoring the foregoing regions. Infrared 
detectors used in this manner could detect the motion of an 
object or person moving either toward or away from a portal. 
The infrared detectors could provide a detection signal when 
the motion was detected. Additionally, it was known to use a 
detection signal from an infrared detector to activate a radar 
transmission in order to permit further monitoring of the 
region. The doppler shifts of the radar transmission could 
then provide further information on the motion in the vicinity 
of the portalbeing monitored. Additionally, it was common to 
use well known light barrier devices to monitor the vicinity of 
portals. The light barriers could provide a detection signal 
when an object or person passing through the portal broke a 
light beam. 

However, the known methods for detecting motion around 
the RFID transceivers required that a specialized, dedicated 
device be added to the RFID transceivers. Even the addition 
of a simple detection device Such as an infrared detector or a 
light barrier added some size and cost to the RFID transceiv 
ers. The requirement for additional space for monitoring 
regions such as the regions around portals is especially prob 
lematic in retail applications that have limited and very 
expensive retail space. 

For example, U.S. Pat. No. 7,023,341 B2 issued to Stilp 
teaches an RFID reader for detecting motion using doppler in 
a security network. The RFID reader sent and received RF 
signals, and measured the reflected pulses relative to the 
transmitted pulses. Many doppler systems like the one taught 
by Stilp could easily detect a person walking at a normal 
speed. The system disclosed by Stilp could also alter the 
power of its doppler transmissions. By varying the transmis 
sion power, the detection range of the RFID readers could be 
varied. The doppler motion detection in Stilp was performed 
simultaneously with searching for transponders using con 
ventional tag interrogation techniques. 

U.S. Patent Pub. No. 2008/0318684 A1 by Rofougaran 
teaches RF position locating in a video gaming system. The 
teachings in Rofougaran include Sweeping an area with RF 
signals of several different frequency bands, and determining 
the physical layout of the environment based on reflected, 
absorbed and refracted signals, angle of incidence and back 
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2 
scatter of the Swept signals. The distance to the player, the 
other objects in the room, the ceiling, the floor, the walls, etc. 
were determined from the received signals and stored for use 
during a game. Monitoring of the movements of the player 
thereafter during the game depended on the player wearing a 
gaming object. 

U.S. Patent Pub. No. US2008/0001735 A1 by Tran is of 
general interest for teaching determining when a person 
passes through a door using a combination of different 
devices. Tran teaches using radar doppler shiftofan RF signal 
reflected off the person. Tran also teaches using ultrasonic 
devices and photosensors. The results of the determinations 
made using the different devices could be combined to dis 
tinguish ranges. 

U.S. Pat. No. 5,030,941 issued to Lizzi also teaches a 
number of different auxiliary detectors for detecting motion 
near or through RFID portals. The use of photoelectric sen 
sors, body heat sensors and floor Switches are taught by Lizzi. 

However, the use of the auxiliary sensors taught by Lizzi, 
as well as the other systems set forth above, all require a 
specialized, dedicated device to be added to the RFID trans 
ceivers in order to detect the presence or motion of objects or 
persons in the vicinity of a RFID transceiver monitoring a 
portal. This increases the size and costs of the RFID trans 
ceiver. 

All references cited herein are incorporated herein by ref 
erence in their entireties. 

BRIEF SUMMARY OF THE INVENTION 

An RFID reader includes a transceiver configured to 
receive a first radio frequency signal reflected off at least one 
Surface to provide baseline signal information and a second 
radio frequency signal reflected off the at least one Surface 
and an object to provide further signal information. A com 
parator is configured to compare the baseline signal informa 
tion and the further signal information to provide a signal 
comparison. A processor is configured to detect the presence 
of the object in accordance with the signal comparison. A 
determination is made whether the object is in motion in 
accordance with the signal comparison. The determination 
whether the object is in motion is made in accordance with a 
continuous fluctuation of the second radio frequency signal. 
A determination whether the object is no longer in motion is 
made in accordance with an ending of the continuous fluc 
tuation of the second radio frequency signal. 
At least one of the first and second radio frequency signals 

is a simulated electronic product code signal. The comparator 
is configured to compare received signal strengths. A received 
signal strength of the first radio frequency signal includes a 
first Sum of signal strengths of a plurality of component 
signals received by the RFID receiver. A received signal 
strength of the second radio frequency signal comprises a 
second Sum of signal strengths equal to the first Sum of signal 
strengths and at least one additional signal strength corre 
sponding to a radio frequency signal reflected off the object. 
The comparator is configured to compare a received signal 

strength of at least one of the first and second radio frequency 
signals in accordance with a plurality of time samples. The 
comparator is configured to compare signal phase informa 
tion. A determination of a signal phase of at least one of the 
first and second radio frequency signals is made in accor 
dance with a plurality of time samples. 
A tag inventory is performed by the RFID reader. The first 

radio frequency signal includes a signal with a power level of 
approximately 30 dBm and the second radio frequency signal 
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includes a signal with a power level less than approximately 
-5 dBm. The signal comparing and the plurality of tag inven 
tories are interleaved. 

In another embodiment of the invention, a method for 
detecting the presence of an object having at least one Surface 
in a monitored region in an RFID communication system 
includes receiving a first radio frequency signal reflected off 
the at least one Surface to provide baseline signal information. 
The method also includes receiving a second radio frequency 
signal reflected off the at least one surface and the object to 
provide further signal information. The baseline signal infor 
mation and the further signal information are compared to 
provide a signal comparison. The presence of the object can 
be detected in accordance with the signal comparison. 
A determination is made whether the object is in motion in 

accordance with the signal comparison. A determination is 
made whether the object is in motion in accordance with a 
continuous fluctuation of the second radio frequency signal. 
A determination is made whether the object is no longer in 
motion in accordance with an ending of the continuous fluc 
tuation of the second radio frequency signal. 

At least one of the first and second radio frequency signals 
is a simulated electronic product code signal. The comparing 
is a comparing of received signal strengths. A radio signal 
strength of the first radio frequency signal is a first Sum of 
signal strengths of a plurality of component signals received 
by an RFID receiver. A radio signal strength of the second 
radio frequency signal is a second sum of signal strengths 
equal to the first Sum of signal strengths and at least one 
additional signal strength corresponding to a signal reflected 
off the object. A received signal strength of at least one of the 
first and second radio frequency signals is determined in 
accordance with a plurality of time samples. The comparing 
is a comparing of signal phase information. A signal phase of 
at least one of the first and second radio frequency signals is 
determined in accordance with a plurality of time samples. 
A tag inventory is performed. The first radio frequency 

signal can be a signal with a power level of approximately 30 
dBm and the second radio frequency signal can be a signal 
with a power level less than approximately -5 dBm. The 
detecting is interleaved with a plurality of tag inventories. 
The RFID communication system includes a marker tag 

and the baseline signal information is determined in accor 
dance with the marker tag to provide marker baseline infor 
mation. The presence of the object is determined in accor 
dance with the marker baseline information. A distance to the 
object is determined in accordance with the signal compari 
son. A threshold received signal strength is determined and 
the distance to the object is determined in accordance with the 
threshold received signal strength. 

In the RF background object sensing system and method of 
the invention, a simulated Electronic Product Code (EPC) 
signal can be transmitted by an RFID transceiver in order to 
assist in detecting an object or a person that is present in the 
region of the RFID transceiver. Any radio frequency signal 
whatsoever can be transmitted by the RFID transceiver and 
reflected off the object in order to detect the presence of the 
object. However, the electronic product code signal is pre 
ferred because the RFID transceiver is well adapted to detect 
the signal, and can therefore detect simulated electronic prod 
uct code signals reflected off the object or person very easily. 

The RF background object sensing system can collect and 
store information regarding RF reflections of the transmitted 
simulated electronic product code signal when it is known 
that no objects or persons to be monitored are in the region of 
the RFID transceiver. The reflections of the simulated elec 
tronic product code signal under these circumstances can 
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4 
depend on the configuration of the Surroundings of the trans 
ceiver, such as the walls, the ceilings, the floors, any shelves 
or Support beams, etc. This information can be stored as 
background signal information, or baseline signal informa 
tion, for later comparisons. 
The simulated electronic product code signal can also be 

transmitted by the RFID transceiver while the system and 
method of the invention is monitoring the region of the trans 
ceiver for the presence or motion of objects or persons. The 
simulated electronic product code signal reflects off any 
object or person moving into the monitored region, thereby 
providing further signal information. The further signal infor 
mation regarding the reflections of the transmitted electronic 
product code signal off the object can be collected while the 
system of the invention is monitoring the region of the RFID 
transceiver. 
The further signal information is compared with the base 

line signal information that was collected and stored when it 
was known that no object or person to be monitored was 
present in the region of the transceiver. Fluctuations between 
the baseline signal information and the signal information 
read during monitoring for the presence of an object can 
indicate the presence of an object. Therefore, based on the 
comparison of the stored baseline signal information and the 
further signal information by the system detection logic, a 
determination can be made whetheran object has appeared in 
the vicinity of the transceiver. If the presence of an object is 
detected according to the comparison, the transceiver can 
generate a detection signal. Furthermore, the comparison of 
further signal information with the baseline signal informa 
tion can be used to determine whether the object is in motion. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF 
THE DRAWINGS 

The invention will be described in conjunction with the 
following drawings in which like reference numerals desig 
nate like elements and wherein: 

FIG. 1 shows a schematic representation of an embodiment 
of a background object sensing system and method according 
to the present invention. 

FIG. 2 shows a schematic representation of an alternate 
embodiment of the background object sensing system and 
method of FIG. 1. 

FIG.3 shows a graphical representation of received signal 
strengths within the system and method of FIG. 1. 

FIG. 4 shows a graphical representation of received phase 
shift information within the system and method of FIG. 1. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring now to FIG. 1, there is shown a schematic rep 
resentation of an embodiment of the background object sens 
ing system 10 of the present invention, as viewed looking 
horizontally into a portal. The background object sensing 
system 10 includes an RFID receiver 16 mounted on a ped 
estal 12 and an RFID transmitter 18 mounted on a pedestal 14. 
The RFID transmitter 18 and RFID receiver 16 can be parts of 
any known RFID transceiver system. Therefore, while the 
invention is described with respect to pedestal mounted trans 
mitters and receivers for illustrative purposes, it will be under 
stood that the invention can be practiced using overhead 
transceiver devices or any other types of transceiver devices. 
When the RFID transmitter 18 transmits a radio frequency 
signal it can be received by the RFID receiver 16. For 
example, the radio frequency signal 24 transmitted from the 
RFID transmitter 18 can follow the direct line of sight path to 
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the RFID receiver 16. The complex attenuation of the radio 
frequency signal 24 as it travels to the RFID receiver 16 is C. 
The background object sensing system 10 can be located at 

any area or region where monitoring for the presence of RFID 
tags is desired. Additionally, it can be located at any area or 
region where monitoring for the presence or an object of 
objects or persons is desired, either simultaneously or alter 
nately with the monitoring for RFID tags. For example, it can 
be placed in the region of the exit or exits of retail establish 
ments, and in the region of the opening or openings between 
a frontstore and a backstore where the inventory of the retail 
establishment is stored. It can also be located in the region of 
any loading docks, or any other types of portals for bringing 
inventory into or out of the establishment. 

It will be understood by those skilled in the art that the radio 
frequency signals transmitted by the RFID transmitter 18 can 
reflect off the Surfaces of any objects, floors, walls, ceilings, 
etc. in the monitored region of the background object sensing 
system 10. Furthermore, the RFID receiver 16 can receive all 
of the reflected signals from the RFID transmitter 18. There 
fore, the RFID receiver 16 can receive multicomponent sig 
nals y(t) when the RFID transmitter 18 transmits a signal, 
wherein each component of y(t) can correspond to one of the 
surfaces that the transmitted signal bounces off. The multi 
component signal y(t) received by the RFID receiver 16 can 
be expressed in Eqn. 1 as: 

N (Eqn. 1) 

y(t) = }R S. CitSi or 
i=l 

in the case where the multicomponent signal y(t) has N, 
components. Since there can be different numbers of multi 
path components over time N is a function of time. The 
complex attenuation factor of Eqn. 1 can be denoted C, if it 
depends on time. 

In order to detect an object, the multicomponent signal y(t) 
of Eqn. 1 can be sampled over a period of time. For example, 
in samples of the multicomponent signaly(t) can be taken, and 
the received signal strengths, or the amplitudes, can be deter 
mined for each of the n samples. The amplitudes of the n 
samples of the multicomponent signal y(t) can be expressed 
for each value of time from t to t, as shown in Eqn. 2: 

In addition to determining the signal strength of the 
samples of the multicomponent signal y(t), it is possible to 
determine the phase angle information of the received signal 
y(t) over n samples. The phase samples Zy(t) can be deter 
mined for each of the n values of time from time t t to time 
t–t, as shown in Eqn. 3: 

(Eqn. 2) 

Rpf Zy(t), Zy(t2), Zy(ts), ... Zy(t) 

Therefore, when no objects or persons to be monitored are 
in the monitored region of the background object sensing 
system 10, Eqns. 1-3 can be used to determine background 
signal information, or baseline signal information, of the 
background object sensing system 10 for later comparisons. 
Furthermore, any other parameters that can be measured by 
the background object sensing system 10, in addition to 
received signal strength and phase angle, can be determined 
when no objects or persons to be monitored are in the region 
for later comparison. Fluctuations between the baseline sig 
nal information and further signal information read during 
monitoring for the presence of an object can indicate the 
presence of an object. 

(Eqn. 3) 
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6 
Additionally, an object 32 can be disposed in the monitored 

region of the background object sensing system 10. A radio 
frequency signal 28 can be transmitted from the RFID trans 
mitter 18, reflected off the surface of the object 32, and 
received by the RFID receiver 16. The reflected radio fre 
quency signal 28 can have a complex attenuation C. Further 
more, the object 32 in the region of the background object 
sensing system 10 can move in any direction, including 
movement in three dimensions. One possible direction of 
movement for the object 32 is indicated by the dotted arrow 
34. If the object 32 is moving, the attenuation of the radio 
frequency signal 28 is a complex function of time, C. 
Assuming that no other objects are in the region of the 

background object sensing system 10 to reflect radio fre 
quency signals from the RFID transmitter 18 to the RFID 
receiver 16, the multicomponent signal y(t) received by the 
RFID receiver 16 has two components, given as: 

In Eqn. 4 the term Cs(t)e'"represents the component of 
the multicomponent signal y(t) due to the radio frequency 
signal 28 reflecting off the surface of the moving object 32. 
and C. changes as a function of time. The term os(t)e'? 
represents the component of the multicomponent signal y(t) 
due to the direct line of sight radio frequency signal 24, and C. 
does not change as a function of time. 

Referring now to FIG. 2, there is shown a background 
object sensing system 20. The background object sensing 
system 20 is an alternate embodiment of the background 
object sensing system 10. The background object sensing 
system 20 includes the RFID transmitter 18 and the RFID 
receiver 16 as previously described with respect to the back 
ground object sensing system 10. It also includes the line of 
sight radio frequency signal 24 and the reflected radio fre 
quency signal 28, which reflects off the moving object 32, as 
previously described. 

However, in the background object sensing system 20 the 
RFID transmitter 18 also transmits reflected radio frequency 
signals 26, 30. The radio frequency signal 26 reflects off a 
static object 36, and is received by the RFID receiver 16. The 
attenuation of the radio frequency signal 26 is C. The radio 
frequency signal 30 reflects off a static object 38, and is 
received by the RFID receiver 16. The attenuation of the radio 
frequency signal 30 is C. Since the objects 36, 38 which 
reflect the radio frequency signals 26, 30 are static, the attenu 
ations C and C, respectively, are not functions of time. 

Under these circumstances, the multicomponent signaly(t) 
received by the RFID receiver 16 can be expressed in Eqn. 5 
aS 

where the term Cls,(t)e'" represents the component of the 
multicomponent signal y(t) due to the radio frequency signal 
28 reflecting off the moving object 32, and the term O.s,(t) 
e' represents the static components due to the radio fre 
quency signals 24, 28, 30, as i=2 to 4. 
The radio frequency signals generated by the RED trans 

mitter 18 and used for monitoring an area for an object 32 can 
be transmitted at a very low energy level. Any type of trans 
mitted signal can be used. However, RFID readers are usually 
designed to decode electronic product code signals, and com 
monly available RFID readers are well adapted to decode the 
electronic product code signals. Therefore, the use of simu 
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lated electronic product code signals is preferred when per 
forming the method of the invention because no redesign of 
the RFID readers is required when electronic product code 
signals are used. 

In one preferred embodiment of the invention, the radio 
frequency signals used can be less than approximately -5 
dBm. Furthermore, they can be transmitted approximately 
ten times per second, where each transmission can take 
approximately two milliseconds. Therefore, the duty cycle of 
the signals can be less than two percent. This is very advan 
tageous because the use of Such low transmit power levels 
minimizes the amount of interference with any other RFID 
devices that may be nearby. 

In one preferred embodiment, the background object sens 
ing system 20 can detect whether the object 32 is relatively 
farther away from the portal being monitored, or relatively 
closer to or within the portal being monitored. In order to 
determine the distance to the object 32, different detection 
thresholds can be provided for the detection logic of the 
system 20. The background object sensing system 20 can use 
a relatively lower detection threshold in order to permit the 
triggering of an object detection event based on Small varia 
tions in received radio frequency energy levels. This can 
permit the detection of an object 32 outside of, or a distance 
away from, the portal being monitored, depending on how 
low the detection threshold is set. This type of detection can 
replace many of the currently available doppler radar sensors. 
Furthermore, the detection threshold, as well as the energy 
level of the transmission, can be varied up and down in order 
to vary the range of detection and localize the object 32 with 
more accuracy. 

Additionally, the background object sensing system 20 can 
also use a relatively higher detection threshold, in order to 
permit the triggering of an object detection event based on 
relatively larger variations in received radio frequency energy 
levels. This can permit the detection of an object 32 closer to 
or inside the portal being monitored, depending on how high 
the threshold is set. This type of detection can replace many of 
the currently available light barriers. It will be understood that 
the relatively lower and relatively higher detection thresholds 
can be set for any parameters that can be measured by the 
background object sensing system 20, including the received 
signal strength and the phase angle. 

In another preferred embodiment, the background object 
sensing system 20 can have two modes of operations. The two 
modes can include the object sensing mode of the invention, 
in which an object within a monitored region can be detected, 
and an RFID tag inventory mode. In the RFID tag inventory 
mode the RFID transmitter 18 transmits a request for RFID 
tag identifications. The RFID tags within range of the trans 
mission respond by backscattering their electronic product 
code. The RFID receiver 16 receives the backscattered elec 
tronic product code responses, and thereby determines the 
population of RFID tags within the range of the RFID trans 
mitter 18 and the RFID receiver 16. A typical power level for 
transmission of the radio frequency signals in the RFID tag 
inventory mode can be, for example, 30 dBm. 
When the background object sensing system 20 is not in the 

RFID tag inventory mode it can enter the object sensing 
mode. In the object sensing mode, the background object 
sensing system 20 can reduce the RF power level from a 
typical value of 30 dBm for the inventory mode, to a much 
lower value, for example a value in the vicinity of -5 dBm. If 
the background object sensing system 20 is a multichannel 
system, the simulated electronic product code can be trans 
mitted and received at the low power level by any one of the 
transmitter and receiver channels. When an object 32 is 
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8 
detected or another tag inventory is scheduled, the reader can 
return to the RFID tag inventory mode and perform another 
inventory round. 

Furthermore, in another preferred embodiment of the 
invention, the background object sensing system 20 can per 
form both object sensing and inventory rounds, continuously. 
One way to accomplish this is to interleave the low power 
simulated electronic product code object sensing rounds with 
the normal inventory rounds. For example, one round of 
normal inventory at approximately 30 dBm can be followed 
by one round of low power object sensing using a simulated 
electronic product code at approximately -5 dBm. The round 
of low power object sensing can then be followed by a round 
of inventory, etc. This can result in a small drop in the 
throughput of the inventory operations, since a portion of the 
time of the system 20 is taken for the object sensing opera 
tions rather than for tag inventory. In a typical situation the 
drop in inventory throughput may be on the order of approxi 
mately 0.6% when background object sensing is performed. 

Another way to perform both object sensing and inventory 
rounds continuously is to place an extra tag, a marker tag, on 
a Surface in the region to be monitored for the presence of an 
object 32. For example, the marker tag can be placed in the 
vicinity of the exit or exits of retail establishments, in the 
vicinity of the opening or openings between a frontstore and 
a backstore, or in the vicinity of any loading docks or other 
types of portals for bringing inventory into or out of the 
establishment. The baseline signal information of the marker 
tag can be determined by reflecting simulated electronic 
product code signals or other signals off the marker tag and 
any other static Surfaces around the marker tag, when it is 
known that no objects 32 to be monitored are in the vicinity of 
the marker tag, as previously described. The marker baseline 
signal information obtained in this manner can be saved for 
later comparisons. 

During normal inventory rounds, the response of the 
marker tag can be read in the same manner as any of the tags 
being inventoried. The readings of the response from the 
marker tag can be compared with the baseline signal infor 
mation of the marker tag. Fluctuations between the baseline 
signal information of the marker tag and further signal infor 
mation read from the marker during monitoring can indicate 
the presence of an object 32. Because there is one additional 
tag to be read, beyond the tags being inventoried, there may be 
a small drop in throughput of the inventorying process using 
this method for detecting the presence of an object 32 in the 
region of the marker tag. The drop can be approximately the 
same as described above. 

Referring now to FIG. 3, there is shown a graphical repre 
sentation 50. The graphical representation 50 shows the 
received signal strength of the multicomponent signal y(t) 
received by the RFID receiver 16 within the background 
object sensing systems 10, 20, as a function of time. The radio 
signal strength of a signal transmitted by the RFID transmitter 
18 can be calculated, for example, by Eqn. 2 above. This 
signal can represent the sum of signals reflected off any 
number of Stationary objects such as walls, floors, ceilings, 
shelves, etc. From time t-0 until timet=t, there are no objects 
32 to be monitored in the region of the RFID receiver 16. 
Therefore, the values of the received signal strength from 
time t 0 to time t t remain constant at the steady state value 
R. Therefore, the value R can represent the baseline signal 
information of the monitored region of the RFID receiver 16. 
At timett, an object such as the object 32 is present in the 

region of the RFID receiver 16. This is indicated by the value 
of the received signal strength fluctuating from R beginning 
at time tit. The simulated electronic product code signal 
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transmitted by the RFID transmitter 18 reflects off the object 
32, and follows a path to the RFID receiver 16, such as the 
path followed by the radio frequency signal 28 in FIG. 1. 
Therefore, the value of received signal strength received by 
the RFID receiver 16 fluctuates from R when the object 32 is 
in the region of the background object sensing system 20. 

Thus, the object 32 in the region of the RFID transmitter 18 
can be detected by the background object sensing system 20 
according to the monitored value of the received signal 
strength. Specifically, the presence of the object 32 can be 
detected when the value of the received signal strength varies 
from the steady state value R. A detection signal indicating 
a detection event can be generated by the background object 
sensing system 20 in response to the variation in the received 
signal strength. 

Furthermore, the background object sensing system 20 can 
distinguish between a case in which an object 32 continues 
moving after entering the region of the receiver 16, and a case 
in which the object 32 stops moving after entering the region. 
If the object 32 detected by the background object sensing 
system 20 continues to move after entering the monitored 
region, the received signal strength can continue fluctuating, 
as shown by the continuous fluctuation in the graphical rep 
resentation 50 in the period after time t—t. The continuous 
fluctuation of the received signal strength can last as long as 
the object 32 continues moving through the region. If the 
object 32 stops moving after entering the region and remains 
stationary in the region, the received signal strength can reach 
a new steady state value, different from R. Additionally, if 
the object 32 continues to move until it leaves the monitored 
region, the value of the received signal strength can return to 
the steady state value R. 

Referring now to FIG. 4, there is shown a graphical repre 
sentation 60. The graphical representation 60 shows the phase 
shift information of the multicomponent signal y(t) received 
by the RFID receiver 16 within the background object sensing 
systems 10, 20, as a function of time. The phase shift infor 
mation of a signal transmitted by the RFID transmitter 18 can 
be calculated, for example, by Eqn. 3 above. This signal can 
represent the sum of signals reflected off any number of 
stationary objects such as walls, floors, ceilings, shelves, etc. 
From time t-0 until time t—t, there are no objects 32 to be 
monitored in the region of the RFID receiver 16. Therefore, 
the values of the phase shift information from time t-0 to time 
tt remain constant at the steady state value R. Therefore, 
the value R represents the baseline phase shift information of 
the region of the RFID receiver 16. 

At timett, an object such as the object 32 is present in the 
region of the RFID receiver 16. This is indicated by the value 
of the phase shift information fluctuating from R beginning 
at time tit. The value of phase shift information fluctuates 
from R, when the object 32 is in the region of the RFID 
receiver 16. It fluctuates because the electronic product code 
signal transmitted by the RFID transmitter 18 reflects off the 
object 32, and follows a path to the RFID receiver 16, such as 
the path followed by the radio frequency signal 28 in FIG. 1. 

Thus, the object 32 in the region of the RFID transmitter 18 
can be detected by the background object sensing system 20 
according to the monitored values of the phase shift informa 
tion. Specifically, the presence of the object 32 can be 
detected when the value of the phase shift information varies 
from the steady state value R. A detection signal indicating 
a detection event can be generated by the background object 
sensing system 20 in response to the variation in the phase 
shift information. 

Furthermore, using the phase shift information the back 
ground object sensing system 20 can distinguish between a 
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10 
case in which an object 32 continues moving after entering 
the region of the receiver 16, and a case in which the object 32 
stops moving after entering the region. If the object 32 
detected by the background object sensing system 20 contin 
ues to move after entering the region, the phase shift infor 
mation can continue fluctuating, as shown by the continuous 
fluctuation in the graphical representation 60 in the period 
after time tit. The continuous fluctuation of the phase shift 
information can last as long as the object 32 continues mov 
ing. If the object 32 stops moving after entering the region and 
remains stationary in the region, the phase shift information 
can reach a new steady state value, different from R. Addi 
tionally, if the object 32 continues to move until it leaves the 
monitored region, the value of the phase shift information can 
return to the steady state value R. 

In another embodiment, the RFID receiver 16 can detect 
and identify individual tags according to the received elec 
tronic product code signals of the tags, for example during an 
inventory round, as known in the art. Additionally, the RFID 
reader 16 can repeatedly detect and identify the same indi 
vidual tags, for example during Subsequent inventory rounds. 
Furthermore, the received signal strength and/or phase infor 
mation associated with each tag can be determined according 
to Eqns. 2 & 3, above, and stored each time it is detected. 
Therefore, for each individual identified tag the stored infor 
mation can be analyzed in order to determine whether it 
changes over time. 

If the stored readings of signal strength and/or phase infor 
mation of an individual tag change over time, a determination 
can be made that the tag is moving. If the information does not 
change over time a determination can be made that the tag is 
not moving. If a tag is determined to be moving in this man 
ner, the RFID reader 16 can continue to interrogate the tag and 
monitor the received signal strength and/orphase information 
from the tag in order to monitor its movement. The interro 
gation can continue until the tag is no longer detected or until 
the movement of the tag stops. 
The operations of the background object sensing systems 

10, 20 may be implemented in the form of a processing 
system, or in the form of Software executed in a computer 
processor System. The computer processor System may be 
located within the RFID reader 16. Furthermore, the proces 
Sor system may be implemented by any type of computer 
system. The processor System may be equipped with a display 
or monitor, a microprocessor, memories and/or internal or 
external communications devices (e.g., modem, network 
cards, etc.) and optional input devices (e.g., a keyboard, 
mouse or other input device) and wireless devices. Computer 
program instructions for causing the processor System to 
implement the operations of the background object sensing 
systems 10, 20 may be stored on any recordable medium, e.g., 
RAM, ROM, magnetic, optical, floppy, DVD, CD, etc. 
The computer program instructions may be stored in a 

computer readable medium that can direct a computer, other 
programmable data processing apparatus, or other devices to 
function in a particular manner. The instructions stored in the 
computer readable medium can configure the processor to 
control RFID reader transmit and receive functions, to per 
form calculations on electronic signals representing radio 
frequency waves, such as calculations to determine received 
signal strength and phase information. 

Furthermore, the instructions can configure the processor 
to perform comparator operations for comparing any param 
eters within the RFID reader 16, such as received signal 
strength and phase information, and to detect an object in the 
vicinity of the reader 16 based on the comparison. The com 
puter program instructions may also be loaded onto a com 
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puter, other programmable data processing apparatus, or 
other devices to cause a series of operation steps to be per 
formed on the computer, other programmable apparatus or 
other devices to produce a computer implemented process. 
A processing system Suitable for storing and/or executing 

program code to perform the foregoing operations may be 
implemented by any conventional or other computer or pro 
cessing systems. The computer or processing systems may be 
equipped with a display or monitor and a base, e.g., including 
the processor, memories and/or internal or external commu 
nications. The systems can also include at least one processor 
coupled directly or indirectly to memory elements through a 
system bus. The memory elements can include local memory 
employed during actual execution of the program code, bulk 
storage, cache memories and any other kind of memories 
known to those skilled in the art. 

While the invention has been described in detail and with 
reference to specific embodiments thereof, it will be apparent 
to one skilled in the art that various changes and modifications 
can be made therein without departing from the spirit and 
Scope thereof. 

What is claimed is: 
1. A system, comprising: 
an RFID transmitter positioned about one side of a portal, 

wherein the RFID transmitter is configured to transmit a 
first radio frequency signal and a second radio frequency 
signal in a monitored region; 

an RFID receiver positioned about another side of the 
portal, wherein the RFID receiver is configured to 
receive the first radio frequency signal and the second 
radio frequency signal, the first radio frequency signal 
reflecting off of a surface of an object to be monitored 
and the second radio frequency signal not reflecting off 
of the surface of the object to be monitored; 

a comparator configured to compare the first radio fre 
quency signal with the second radio frequency signal to 
provide a signal comparison; and 

a processor configured to determine, based on the signal 
comparison, whether the object to be monitored has 
been positioned in the monitored region. 

2. The system of claim 1, wherein the processor is further 
configured to determine whether the object to be monitored is 
in motion in accordance with the signal comparison. 

3. The system of claim 2, wherein the processor is further 
configured to determine whether the object to be monitored is 
in motion in accordance with a continuous fluctuation of the 
second radio frequency signal. 

4. The system of claim 3, wherein the processor is further 
configured to determine whether the object to be monitored is 
no longer in motion in accordance with an ending of the 
continuous fluctuation of the second radio frequency signal. 

5. The system of claim 1, wherein at least one of the first 
and second radio frequency signals is a simulated electronic 
product code signal. 

6. The system of claim 1, wherein the comparator is further 
configured to compare received signal strengths. 

7. The system of claim 6, wherein a received signal strength 
of the first radio frequency signal comprises a first sum of 
signal strengths of a plurality of component signals received 
by the RFID receiver. 

8. The system of claim 7, wherein a received signal strength 
of the second radio frequency signal comprises a second sum 
of signal strengths equal to the first Sum of signal strengths 
and at least one additional signal strength corresponding to a 
radio frequency signal reflected off the object to be moni 
tored. 
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9. The system of claim 6, wherein the comparator is further 

configured to compare a received signal strength of at least 
one of the first and second radio frequency signals in accor 
dance with a plurality of time samples. 

10. The system of claim 1, wherein the comparator is 
further configured to compare signal phase information. 

11. The system of claim 10, wherein the processor is fur 
ther configured to determine a signal phase of at least one of 
the first and second radio frequency signals in accordance 
with a plurality of time samples. 

12. The system of claim 1, further comprising a tag inven 
tory performed by the RFID reader. 

13. The system of claim 12, wherein the first radio fre 
quency signal comprises a signal with a power level of 
approximately 30 dBm and the second radio frequency signal 
comprises a signal with a power level less than approximately 
-5 dBm. 

14. The system of claim 12, further comprising an inter 
leaving of the comparing and a plurality of tag inventories. 

15. The system of claim 1, wherein the processor is further 
configured to determine a distance to the object to be moni 
tored in accordance with the signal comparison. 

16. The system of claim 15, wherein the processor is fur 
ther configured to determine a threshold received signal 
strength and the distance to the object to be monitored in 
accordance with the threshold received signal strength. 

17. A method, comprising: 
positioning an RFID transmitter about one side of a portal: 
transmitting, via the RFID transmitter, a first radio fre 

quency signal and a second radio frequency signal in a 
monitoring region; 

positioning an RFID receiver about another side of the 
portal; 

receiving, via the RFID receiver, the first radio frequency 
signal and the second radio frequency signal, the first 
radio frequency signal reflecting off of a surface of an 
object to be monitored and the second radio frequency 
signal not reflecting off of the surface of the object to be 
monitored; 

comparing the first radio frequency signal with the second 
radio frequency signal to provide a signal comparison; 
and 

determining, based on the signal comparison, whether the 
object to be monitored has been positioned in the moni 
tored region. 

18. The method of claim 17, further comprising determin 
ing whether the object to be monitored is in motion in accor 
dance with the signal comparison. 

19. A system, comprising: 
an RFID transmitter positioned about one side of a portal, 

wherein the RFID transmitter is configured to transmit a 
first radio frequency signal and a second radio frequency 
signal in the monitored region; 

an RFID receiver positioned about another side of the 
portal, wherein the RFID receiver is configured to 
receive the first radio frequency signal and the second 
radio frequency signal, the first radio frequency signal 
reflecting off of a surface of the object to be monitored 
and the second radio frequency signal not reflecting off 
of the surface of the object to be monitored; and 

a processor configured to determine, based on a signal 
comparison of the first radio frequency signal and the 
second frequency signal, whether the object to be moni 
tored is positioned in the monitored region. 
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20. The system of claim 19, wherein the processor is fur 
ther configured to determine whether the object to be moni 
tored is in motion in accordance with the signal comparison. 
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